The role played by bFGF in normal neurogenesis, cell differentiation, and/or neuronal regeneration in the fish retina has yet to be determined. o 1992
INTRODUCTION
The neural retina in j.uvenile and adult fish can regenerate following surgical or neurotoxic destruction (10, 14, 15) . The neuroepithelial cells that give rise to the retinal regenerate are thought to derive from a population of scattered proliferating cells located in the photoreceptor cell layer of the differentiated retina (15). These proliferating cells have been identified as "rod precursors" because in the intact retina they produce rod photoreceptor cells which are continuously generated and inserted into the growing retina of the adult fish (8). Continued neurogenesis in the adult central nervous system is an unusual event. The cellular environment of the fish retina, unlike most differentiated ' Pamela A. Raymond has published previously as P. R. Johns.
neural tissue, must therefore have the constituents necessary to sustain proliferation and differentiation of neurons. Among the components that must be present in the cellular milieu are growth factors (1, 5), and we have chosen to direct our attention to the family of fibroblast growth factors (FGFs), which have been shown to stimulate differentiation and maintenance of photoreceptors (3, 7) and to enhance neurite outgrowth from cultured retinal ganglion cells (9). Further evidence for the importance of these growth factors in retina is the demonstration that regeneration of embryonic chick retina is dependent on an exogenous supply of bFGF (13). In order to determine whether FGFs might be important for retinal regeneration in Ash, we first asked whether they are present in the intact adult retina.
MATERIALS AND METHODS
Goldfish (Curassius aurutus) were purchased from a local pet store and were 4 to 6 cm body length (eye diameter, 3.0 to 4.0 mm). Eyes were cryoprotected, embedded, frozen, and sectioned at 3 pm according to our previously published procedure (2). Some tissue was frozen without fixation, the sections were fixed in methanol or acetone at -20 C, air-dried, and used immediately for immunocytochemistry; other eyes were fixed 'in 4% paraformaldehyde before freezing. To label dividing cells, 0.5 to 1.0 ~1 of 1 mM&bromo-2'-deoxyuridine (Sigma) was injected into the eye to achieve an estimated intraocular concentration of 50 pM. The general procedures for immunofluorescence were as described previously (2 and passed over a heparin-Sepharose column (4). Proteins were separated by discontinuous SDS-PAGE, transferred to Immobilon-P membranes (Millipore, Bedford, MA), and incubated in bFGF antiserum. Bound antibody was visualized with lz51 or with avidinbiotin-peroxidase (Vector Laboratories, Burlingame, NJ) conjugated to secondary antibodies. Native bovine FGF (R & D Systems) was used in Western blots as a control.
RESULTS
Localization of bFGF ingoldfish retina. Staining patterns varied depending on the source of the antibody and the fixation; fresh-frozen tissue gave the most reliable results. Immunoreactivity was distributed throughout the retina (Fig. 1) . Prominent staining of radial fibers of Miiller glia and the somata and axons of cone photoreceptors was observed with three of the five antibodies (Figs. lA, lD, and 1F ). Inner segments of rod photoreceptors were immunoreactive with some antibodies (Figs. 1E and 1F) . Horizontal cells and the pigmented retinal epithelium were immunoreactive in paraformaldehyde-fixed tissue with two of the antibodies (14). The germinal zone at the retinal margin, the site of active neuroepithelial cell proliferation associated with retinal growth, was negative (Fig. 10 . The cornea and iris epithelium (Fig. 1C ) and endothelial cells (Figs. lA, lC, lE, and 1F) showed strong immunoreactivity with all antibodies tested.
Anti-bovine bFGF antibody recognizes a single band of approximately 18 kDa on Western blots of fish brain proteins. Anti-bovine bFGF antibodies recognized a single band of relative molecular mass 18,000 on Western blots of proteins from goldfish brain purified with a heparin-sepharose column and separated by gel electrophoresis ( Fig. 2A) . This putative goldfish bFGF had the same molecular mass as bovine bFGF (Fig. 2B ).
Immunoreactivity to bFGF receptor is found predominately in axon terminals of photoreceptors. Antibody against the bFGF receptor showed intense immunostaining at the base of the outer nuclear layer in the region of specialized axon terminals of photoreceptors (Fig. 3A) . Sections incubated with preimmune serum showed no staining in this region (Fig. 3B) . With avidin-biotin-immunoperoxidase, immunoreactivity was localized to the club-shaped axon terminals of photoreceptors (Fig. 30 . Rod precursors are located in approximately the same substratum as the photoreceptor terminals, but in order to identify rod precursors on cyrosections it is necessary to first label them with a mitotic marker such as bromodeoxyuridine (Fig. 3D) . Double label studies with antibodies against bromodeoxyuridine and the bFGF receptor demonstrate that rod precursors do not show immunoreactivity for bFGF receptors (not illustrated). 
